Abstract. 2014 In group-subgroup phase transitions the orientation variants of the low symmetry structure are related by symmetry operations of the high symmetry structure which have been lost in the phase transition. In the case of the ferroelastic A (hexagonal) ~ B (monoclinic) phase transition of rare earth sesquioxides, orientation variants can occur which are not related by such symmetry operations but by the symmetry operations which would correspond to a twin (without change of the lattice) of the hexagonal structure. This phenomenon can occur when it reduces the high strain or high interface energies existing during the ferroelastic phase transition. Precautions necessary for the use of group theory in the study of ferroelastic orientation variants will be given. Special interest has also been taken in the study, by high resolution electron microscopy, of interfaces between a normal orientation variant and an unexpected (or abnormal) orientation variant. The interface has a certain thickness with possible atomic rearrangement.
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Multitwinned nuclei of the ferroelastic structure may then occur with abnormal twins and orientation variants. This is the first process of their formation :
(111) and (192) twins can be encountered in such ferroelastic nuclei growing inside the hexagonal structure of rare earth sesquioxides (Fig. 1) where they reduce the strain energy [4] . Moreover the growth of the ferroelastic phase is a rather complicated phenomenon where interfaces between variants exactly related by a rotation of 21r/3 are equivalent to few degrees rotation-twin interfaces [5] . These interfaces are high energy interfaces and can dissociate into two twins as the two (111) and [192] twins of rare earth sesquioxides giving rise to a new domain of abnormal orientation (Fig. 2 ). This is a second possible mechanism for the formation of abnormal twins and orientation variants. In both cases their formation is related to a minimization of the total free energy by reduction of either the strain or the interface energy. In both cases it can be related to the fact that we deal with a ferroelastic phase transition with an important deformation related to a high value of the coefficients of the strain tensor.
The number of possible orientation variants, their relative orientation and the position of strainfree interfaces can then be deduced as if the transition were a group-subgroup phase transition, but between the holohedry of the high symmetry structure and the low symmetry structure. The transition behaves as a new ferroelastic species that must be used as soon as the orientation of the unit cell can change at the transition. This can only occur for species for which the high symmetry structure is not the holohedry itself. The case of the B structure of rare earth sesquioxides has shown that for the 3m point group the phenomenon may also occur and the holohedry of the rhombohedral structure behaves as a merihedry of the hexagonal structure so that the rhombohedral and hexagonal systems must be considered as the same one.
To the opposite of strainfree interfaces between two different normal orientation variants an interface between a normal and an abnormal one is such that the atomic vicinity of the interface is very far from the bulk, making these interfaces to be of a special interest. Fig. 1 (1) (31), (32). Strainfree interfaces between different variants are solutions of equations (5) and (6) given in the orthogonal system. These interfaces are shown in table I by their Miller indices in the orthogonal, hexagonal and monoclinic systems. (1), (2) and (1), (3 (1) , (4), (1), (5) and(l), (6) .
